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SUMMARY 
Non-neoplastic pituitary glands of 12 age-groups of 10 male Wistar rats (sub- 
population 1) and of 228 rats with age-related disorders (population 2) were studied. 
For subpopulation I a positive correlation was found between body weight, pars dis- 
talis volume and total prolactin (PRL)-cell volume. These values increased uring 
the first half of the life span and decreased to values similar to that found in young 
rats, after the 50% survival age was reached. Age-related changes were found with 
respect o the distribution of the PRL cells (from homogeneous into non-homoge- 
neous) and to their ultrastructural features (PRL cells with polymorphic granules 
were substituted by cells with round granules). Pituitary glands of disordered aged 
rats (subpopulation 2) showed a similar non-homogeneous distribution of PRL 
cells. Plasma PRL levels of both subpopulations were similar. No age-related 
increase of plasma PRL level was found in rats with non-neoplastic pituitary glands. 
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INTRODUCTION 
It is widely accepted that during aging plasma PRL levels increase in female rats 
[1,2]. In the Sprague--Dawley strain this increase was already found at the age of 
7--9 months [3]. Fayein and Aschheim [4]described, during the first days of pseu- 
dopregnancy, a moderate age-related increase in blood PRL values in 18--24 
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month-old Wistar rats. These increased PRL levels have often been related to the 
presence of spontaneously developing PRL-secreting pituitary tumors, prolactino- 
mas [5]. However, it was demonstrated in a study of 5 age-groups (middle-aged to 
aged) of female BN/BiRij rats that increased serum PRL levels were detected at the 
age of 25--29 months in animals with histologically non-neoplastic pituitaries, and 
that in rats older than 30 months, serum PRL levels were decreased to the same lev- 
els as found before 25 months [6]. These results indicate that PRL levels increase 
during aging in rats with non-neoplastic pituitaries, but only up to a certain age, i.e. 
the 50~70 survival age. From these results we concluded that for studies on the age- 
related changes in plasma PRL levels it is necessary (1) to measure PRL levels at least 
at 3 times during the life span, and (2) to perform histological examination of the 
pituitaries of the same animals, to secure the absence of prolactinomas. Life span 
and pituitary tumor incidence are strain and sex dependent [7]. The tumor incidence 
is generally higher in female than in male rats, although in some strains tumors were 
found in about the same frequency for both sexes [5,7]. For male rats, during aging, 
increased plasma PRL levels [8--12] as well as unchanged plasma PRL levels [13,14] 
have been reported. However, in these studies the plasma PRL levels of only 2 
[8,12,13] or 3 age-groups were compared [9,11], an the pituitary histology was not 
examined systematically [8--14]. 
To establish whether or not increased plasma PRL levels occur during aging in 
male rats with non-neoplastic pituitaries or coincide with the presence of pituitary 
tumors, we studied animals from aging cohorts of male Wistar (Cpb : WU) rats. A 
number of animals were allowed to complete their life span. At he end of the study 
the survival curve was calculated and the 50¢/0 survival age was established at 28 
months. Plasma PRL levels and PRL-cell morphology were studied in groups of 
randomly selected rats at 12 different ages during the whole life span. These data were 
compared with histological data of the PRL cells and with plasma PRL levels of 
aged rats showing various kinds of disorders having pituitary glands with or without 
tumors. 
MATERIALS AND METHODS 
Animals (subpopulation I and 2) 
In this study 2 subpopulations of rats were used that were derived from our aging 
cohorts of male Wistar rats. 
Subpopulation 1.Groups of 10 rats each were sacrificed at 12 different imes dur- 
ing the life span. They were chosen at random with a lottery table. Additional rats 
were chosen if pituitary tumors were expected. If grossly visible pituitary tumors 
were encountered atdissection these additional rats were sacrificed to obtain 10 rats 
without macroscopic pituitary tumors in each group. The following data per rat 
were obtained and/or computed: age, body weight, pars distalis volume, PRL-cell- 
volume density and total PRL-cell volume, ultrastructure of the PRL cells and 
plasma PRL level. Pars distalis cysts and adenomas were histologically evaluated. 
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Subpopulation 2. After the 90°70 survival age was reached an increasing number 
of rats developed various kinds of grossly visible disorders and the mortality rate 
increased. A total of 228 of such rats was killed when found moribund. The follow- 
ing data per rat were obtained: age, body weight, plasma PRL level, PRL-cell histol- 
ogy and the character of pars distalis cysts and adenomas. 
Lightmicroscopy and immunocytochemistry of thepituitary gland 
(Hemi)pituitaries (subpopulation I) or whole pituitary glands (subpopulation 2) 
were fixed by immersion in Bouin-Hollande sublimate without acetic acid. After 48 
h of fixation, the tissues were washed, dehydrated and embedded in paraplast. Four 
micrometer thick serial sections were cut and every 50th section was mounted on a 
glass slide. With none of the classical histological staining techniques it was possible 
to recognize the PRL cells. For that reason pituitary sections were stained with an 
antiserum raised against rat PRL by Dr. J.A.M. Mattheij. After treatment with lugol 
and 0.25~70 sodium thiosulphate o remove the sublimate, and hydrogenperhydrate 
to minimize endogeneous peroxidase activity the following immunocytochemical 
procedure was used: 
1. Phosphate buffered saline (PBS; pH 7.4) at room temperature 
2. Normal goat serum (NGS; I : 30) in PBS and 0. I °7o triton 
3. Anti-r-PRL (PRL-K-IV-1) in PBS (1 : 800) at 4°C 
4. Rinse in PBS; 
5. NGS in PBS and 0.1°To triton (l : 30) 
6. Goat-anti-rabbit (GAR) Igg (Fc) (Nordic) in PBS (l : 30) 
7. Rinsein PBS; 
8. NGS in PBS and 0.1~/o triton (l : 30) 
9. 
3 x 5 min; 
5 rain; 
18h; 
3 x 5 min; 
30 min; 
5 min; 
Rabbit peroxidase-anti-peroxidase (PAP; Dakopatts) in PBS (1:90) at 
4°C 30 min; 
10. PBS at room temperature 3 × 5 min; 
11. 0.02°7o diamine benzidine (DAB; Sigma), 0.001070 H202 in 0.05 M Tris (pH 
7.6) 15 min; 
12. Rinsein aquadest. 3 x 5 min; 
13. Dehydrate, rinse in xylol and embed in Entellan. 
Several control methods were used: 
1. Omitting the first antibody. 
2. Replacing the first antibody by normal rabbit serum. 
3. Staining with adsorbed first antibody; liquid phase adsorption with purified 
rat PRL from the NIADDK, Bethesda, USA was used. 
4. (Staining with anti-r-PRL from the NIADDK.) 
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Estimation of the PRL-cell volume 
From each hemipituitary a systematic random choice of 10 immunostained light- 
microscopic sections was used for point-counting volumetry [15] to estimate the 
PRL-cell-volume density. An integration grid in a 25 x oculair with 25 testpoints 
was used for each of the 10 sections resulting in a final number of 250 testpoints/ 
hemipituitary. Scores were made on random chosen fields of the pars distaffs. The 
volume density of the PRL cells was calculated bydividing the number of testpoints 
hitting a PRL cell by the total number of testpoints ( = 250). Drawings of the pars 
distaffs tissue of 8--21 pituitary sections were used to compute he pars distaffs vol- 
ume. The areas of the pars distaffs drawings were estimated by using a planimeter. 
Areas occupied by cysts or connective tissues were not included. The total pars dis- 
taffs volume was calculated by multiplying total pars distaffs area with the distance 
between the sections used, divided by the magnification squared. The total volume 
of the pars distaffs occupied by PRL cells could then be calculated by multiplying the 
PRL-cell-volume density and the total pars distaffs volume. 
Electron microscopy 
Hemipituitaries (the other halves were used for light microscopy) from the 12 
groups of 10 rats (subpopulation 1) were fixed by immersion i  a sodium-cacodylate 
buffered mixture of 2°70 glutaraldehyde and 2070 paraformaldehyde, hydrated and 
embedded in Epon 812 (Serva). Ultrathin sections of the pars distalis were collected 
on 200 mesh copper grids, stained with uranyl acetate and lead citrate [16] and 
examined with a Philips EM 300 electron-microscope. Pale gold sections were col- 
lected on 300 mesh nickel grids for the identification of the PRL cells by means of 
immuno-electron-microscopy. This procedure has been described earlier [17]. 
Determination ofplasma prolactin 
All rats (subpopulations 1 and 2) were sacrificed by decapitation. Plasma PRL 
determination was done with radioimmunoassay (RIA) using a NIADDK rat PRL 
radioimmunoassay (RIA) kit. Plasma samples (subpopulation 1) were measured ina 
single RIA run to limit interassay variation and the results are expressed in ng/ml. 
The other samples (subpopulation 2) were measured in 3 different runs (data not 
shown). 
Statistics 
Data are presented as mean values ± S.E.M. for each age-group. Differences in 
the plasma PRL levels, the total volumes of PRL cells and the PRL-cell-volume 
densities were tested with Kruskal-Waffis non-parametric analysis of variance with 
subsequent multiple comparison of groups [18]. To this end a computer program in 
BASIC developed by Theodorson-Norheim [19] was used. The Spearman on-para- 
metric rank correlation test was used to establish correlations between the different 
parameters. In some cases the U-test of Wilcoxon, Mann and Whitney was used to 
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Fig. I. Mean body weights of 12 groups of male rats (I0 rats/group) of increasing age. Note the age- 
related increase in body weight during the first half of the life span and the decrease during the second 
half of the life span. 
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Fig. 2. Mean pars distalis volumes of 12 groups of male rats (10 rats/group) of increasing age. Note the 
age-related increase in pars distalis volume during the first half of the life span and the decrease during 
the second half of the life span. 
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Fig. 3. Positive correlation between pars distaffs volume and body weight of male rats of increasing age 
(P< 0.001). Data are given as mean -*- S.E.M. Note that during aging, the pars distaffs volume and body 
weight increase from the age of 3 months till 23 months (age-notations beneath the point of correlation) 
and both decrease from the age of 23 till 35 months (age-notation above the point of correlation). 
compare 2 groups [20]. Differences were considered to be significant at P < 0.05. If 
P< 0.01 or P< 0.001, these values were also recorded. 
RESULTS 
Subpopulation 1
Body weight and pars distalis volume. The mean body weight increased from 
337.9 ± 10.0 at the age of  3 months to 578.8 + 16.5 at the age of  17 months. At the 
age of  20 months the mean body weight showed a dip to 539.7 ± 5.9 g and reached 
579.2 ± 22.1 g at the age of  23 months. After 23 months of  age the mean body 
weight decreased gradually to 354.3 ± 18.3 g at the age of  35 months (Fig. 1). The 
mean pars distalis volume was 4.3 ± 0.2 mm 3 at the age of  3 months and increased 
to 5.8 ± 0.3 mm 3 at the age of  23 months. Thereafter, the mean pars distalis volume 
decreased to 4.5 ± 0.3 mm 3 in 35-month-old animals (Fig. 2). A positive correlation 
between body weight and age, and pars distalis volume and age was found when age- 
groups of  3--23 months were tested. A negative correlation was found when only 
age-groups from 17 to 35 months were involved. The body weights and pars distaffs 
volumes showed a highly significant positive correlation (P < 0.001; Fig. 3). For 
TABLE 1 
MEAN PARS DISTALIS VOLUME/100 g BODY WEIGHT PER AGE GROUP 
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Age in Pars distalis volume/lO0 g body wt 
months 
Mean ± S.E.M. Range 
3 1.29 ± 0.05 1.24--1.31 
5 1.3 ± 0.03 1.11--1.17 
10 0.98 ± 0.05 0.93--1.03 
14 1.03 ± 0.06 0.97--1.09 
17 1.00 ± 0.05 0.95--1.05 
20 l . lO ± 0.08 1.02--1.18 
23 1.02 ± 0.07 0.95--1.09 
26 1.17 ± 0.06 1.11--1.23 
29 1.06 ± 0.06 1.00--!.12 
31 1.26 ± 0.09 1.17--1.35 
33 1.24 ± 0.11 1.30-.-I.35 
35 1.31 ± 0.05 1.26--1.36 
each  age-group  the  vo lume o f  the  pars  d i s ta l i s  was  a l so  computed/100  g body  
we ight .  It appeared  that  th i s  ra t io  in  3 -month-o ld  ra ts  was  s imi la r  to  that  o f  ra ts  o f  26  
months  and  o lder ,  whereas  it was  lower  in  al l  ra ts  between 5 and 26 months  (Tab les  I 
and  I I ) .  
Prolact in-cel l  vo lume.  The  mean PRL-ce l l -vo lume dens i t ies  and  the  mean to ta l  
TABLE 11 
MULTIPLE COMPARISON OF THE PARS DISTALIS VOLUME/100 g BODY WEIGHT OF 12 
AGE-GROUPS 
Age in 3 5 !0 14 17 20 23 26 29 31 33 
months 
5 fls 
10 *** ns 
14 ** ns ns 
17 ** ns ns ns 
20 ** ns ns ns 
23 ** ns ns ns 
26 ns ns * ns 
29 ** ns ns ns 
31 ns ns ** * 
33 ns ns * * 
35 ns ns *** ** 
ns  
n$  n$  
* n$  n$  
ns  f ls  ns  f ls  
* ns  * f ls ns  
* ns  ns  ns  ns  
***  * **  f ls  * *  
ns  
ns  as 
Differences between groups are significant at P < 0.05 (*), P < 0.01 (**), P < 0.01 (***); not significant 
is ns. See also Table I. 
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Fig. 4. Mean PRL cell volumes of 10 groups of male rats (10 rats/group) ofincreasing age. Note he age- 
related increase in PRL cell volume during thefirst half of the life span and the decrease during the 
second half of the life span. For multiple comparison f groups ee Table IV. 
PRL-cell volumes were estimated. The mean total PRL-cell volume is plotted 
against age in Fig. 4. In the 3-month-old rats the PRL-cell-volume density was 22.2 
± 1.16% and the total PRL-cell volume was 0.95 ± 0.04 mm 3. PRL cells were 
found scattered throughout the pars distalis (Fig. 5a). The cells were often irregu- 
larly shaped. Sometimes so-called cupshaped PRL cells were present. Cupshaped 
cells, considered to enclose gonadotropic cells [21], were found in the rostral region 
of the pars distalis beneath the hypophyseal cleft and the pars intermedia. The 
brown deposit of the anti-r-PRL immunocytochemical staining was found homoge- 
neously distributed over the cytoplasm of all PRL cells. After 3 months the PRL- 
cell-volume density as well as the total PRL-cell volume increased. In the pituitaries 
of 5-month-old rats the pattern of immuno staining was changed. The PRL cells 
were homogeneously scattered throughout the pars distalis, but the shape of the cells 
differed from those of 3-month-old rats and were more rounded (Fig. 5b). The PRL 
cells in 10-month-old rats showed a similar pattern and occupied 35.1 ± 1.02% of 
the pars distalis volume. Their total volume was 1.56 ± 0.09 mm 3. In 14- and 17- 
month-old rats the volume densities of the PRL cell populations were further 
increased, but a strong background staining made a reliable calculation of the vol- 
ume densities impossible. In these age groups more round than irregularly shaped 
PRL cells were found. Cupshaped cells were observed less frequently. In the 20- 
month-old rats the background staining was diminished. The mean volume density 
at this age was 33.8 ± 3.260/0 and the total PRL-cell volume was 2.04 ± 0.18 mm 3. 
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The individual variation was larger compared to that of the groups of younger rats 
(in one 20-month-old rat, for example, the volume density was strongly decreased to 
7.6°70). Within the pars distalis, variation in the distribution of the PRL cells was 
present: in some parts of the pars distalis no PRL cells were present, whereas in 
other parts hyperplasia of  PRL cells was observed. The shape of the PRL cells had 
changed, i.e. irregular PRL cells were now predominant. At the age of 23 months a 
volume density of 31.4 ± 3.11°/0 and a total volume of 2.04 ± 0.22 mm 3 was 
reached (Fig. 5c). From this age on, the distribution of PRL cells was less homoge- 
neous due to PRL-positive and negative cell hyperplasia, and the PRL-cell-volume 
density and total PRL-cell volumes were decreased. PRL cells in rats older than 23 
months were irregularly shaped and showed a variable intensity of the 
immunocytochemical staining product. Sometimes mall dark brown spots were 
observed, probably representing transverse sections of small cytoplasmic extensions 
of the PRL cells (Fig. 5d). In rats of 26 months and older, foci of hyperplasia were 
observed more frequently. Within the areas of PRL-negative hyperplastic foci, a few 
very thin, sometimes cupshaped PRL cells were observed. In the 29-month-old rats 
31.0 ± 4.2%, in the 31-month-old rats 21.0 ± 4.6~/0 and in the 33-month-old rats 
24.0 ± 3.2°/0 of the pars distalis volume was occupied by PRL cells, corresponding 
with a total PRL-cell volume of 1.54 ± 0.28, 1.18 ± 0.35 and 1.3 ± 0.5 mm 3, 
respectively. In the 35-month-old rats only 18.4 ± 4.43% of the pars distaiis volume 
was occupied by PRL cells and the total volume amounted to 0.82 ± 0.3 mm 3. The 
volume density of the PRL cells in these 35-month-old rats was similar to the volume 
density in young rats but because of the clustering of the PRL cells their distribution 
showed more variation (Fig. 5e). In the 29-, 31-, 33- and 35-month-old rats some 
PRL-positive hemorrhagic microadenomas were found. Pituitary glands with aden- 
omas were excluded from the present study. No correlation was found between the 
total PRL-cell volume and age, whereas a significant negative correlation (P = 
0.01; r = -0.247) was found between the PRL-cell-volume density and age. The 
total volume of PRL cells increased significantly with age until the 50% survival age 
and the maximum body weight were reached (P < 0.001; r = 0.661) followed by a 
significant decrease (P < 0.001; r = -0.540).  Moreover, PRL-cell volumes as well 
as body weights and pars distalis volumes, decreased in older rats. Significant 
correlations (P < 0.0001) were found between body weight and PRL-cell-volume 
density and body weight and total PRL-cell volume. PRL-cell volumes are plotted 
against body weights in Fig. 6. The total PRL-cell volume/100 g body weight was 
similar in all age-groups. With the Kruskal-Wallis test PRL-cell-volume densities 
and total PRL-cell volumes of all groups showed significant changes with age (P < 
0.05 and P < 0.05, respectively). Subsequent multiple comparison of groups (Tables 
III and IV, respectively) revealed ifferences between a number of groups. 
Pars distalis cysts and adenomas. In the pituitaries of 3-month-old rats, no cysts 
were observed. In two 5-month-old rats multilocular cysts were found. These cysts 
had an epithelial ining of cuboidal cells provided with cilia. In the anti-r-PRL- 
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stained sections, in which PRL-positive cells were found, the contents of these cysts 
were unstained (Fig. 7a). In the 10-month-old rats, a cyst was found in only one 
animal, but it was located in the pars intermedia. In the 14-month-old rats, 3 pitui- 
taries showed the presence of pars distalis cysts, 2 of which also possessed a cyst in 
5a 
5b 
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Fig. 5. Anti-r-PRL stained pituitary sections of male rats of: (a) 3 months; (b) 5 months; (c) 23 months; 
(d) 26 months and (e) 35 months. Calibration bar represents 360 and 50 ~m, respectively. PN = pars ner- 
vosa, PI = pars intermedia, PD = pars distalis. 
the pars intermedia. In 17-month-old rats 2 pituitaries with pars distalis cysts were 
found and one with a pars intermedia cyst. In 14- and 17-month-old rats pars distalis 
cysts did not show a ciliated epithelial ining and their contents reacted positively 
with anti-r-PRL. In 20-month-old rats as well as in 23-month-old rats 3 pituitaries 
contained cysts with epithelial lining and cilia. From this age on, an average of 25% 
of the pituitary glands contained cysts. Instead of a ciliated epithelial lining and anti- 
r-PRL negative content most cysts were lined by adenohypophyseal ce ls and stained 
positively for PRL (Fig. 7b). In the oldest rats (35 months) no cysts were found. 
Next to the age-groups of 10 rats without macroscopic pituitary adenomas, 
macroscopic adenomas were found in some of the aged rats. 
The first macroscopic pars distalis adenoma was found in a 14-month-old rat nd 
appeared to be hemorrhagic. At the age of 26 months, 2 pituitary glands with adeno- 
mas were found. In one pituitary a hemorrhagic adenoma with anti-r-PRL positive 
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Fig. 6. Pmitive correlation between PRL cell volume and body weight of male rats of increasing age 
(P < 0.001). Data are given as mean :t: S.E.M. Note that during aging, the PRL cell volume and body 
weight increase from the age of 3 months till 23 months (age-notations beneath the point of correlation) 
and both decrea,e from the age of 23 till 35 months (age-notation above point of correlation). 
cells was located next to a non-neoplastic part and a field of small PRL-positive 
cells, in which a PRL-positive perinuclear staining product was found. The adenoma 
in the other pituitary gland was partly PRL-positive. In both adenomas irregularly 
shaped, yellow-coloured cell substances were observed indicating the presence of 
TABLEI I I  
MULTIPLECOMPARISON OFTHEPRL-CELL-VOLUMEDENSIT IESOFIOAGE-GROUPS 
Age in 3 5 10 20 23 26 29 31 33 
months 
5 ns 
10 *** ** 
20 *" * ns 
23 ** * ns ns 
26 nS NS **  *o  
29 ns ns ns ns 
31 ns ns *** *** 
33 ns ns ** ** 
35 ns fls *** *** 
e 
ns ns 
** !1s 
• ns  ns  ns  
, * *  ns  , ,  ns  ns  
Differences between groups are significant at P < 0.05 (*), P < 0.01 (**) and P < 0.001 (**'); ns: not 
significant. 
TABLE IV 
MULTIPLE COMPARISON OF THE TOTAL PRL VOLUMES OF 10 AGE-GROUPS 
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Age in 3 $ 10 20 23 26 29 31 33 
months 
5 ns 
10 ** * 
20 *** ** ns 
23 *** ** ns 
26 ns ns ns 
29 * ns ns 
31 ns ns ** 
33 ns ns * 
35 ns ns *** 
ns 
ns ns 
ns  ns  ns  
*** *** ns ns 
** ** ns  ns  
*@* * .0  * * 
ns  
ns  ns  
Differences between groups are significant at P < 0.05 (*), P < 0.01 (**) and P < 0.001 (***); ns: not 
significant. See also Fig. 4. 
aging pigment or lipofuscine. In 29-, 31-, and 33-month-old rats, 2 pituitaries with 
macroscopic tumors were found. All appeared to be PRL-positive hemorrhagic 
adenomas and contained lipofuscine. In the 35-month-old rats, 2 adenomas were 
recognized macroscopically and 2 microscopically. Three of these adenomas were 
hemorrhagic, the other one was characterized by fields of large and small PRL-posi- 
rive cells containing a considerable amount of lipofuscine. An example of a 
hemorrhagic adenoma isgiven in Fig. 8. 
Ultrastructure of  the prolactin cells. Observation of the anti-r-PRL stained ultra- 
thin sections revealed that the protein A-gold particles were almost exclusively con- 
Fig. 7. (a) Pars distaffs cyst in a section stained with anti-r-PRL showing a PRL negative content and lined 
by anti-r-PRL negative ciliated cells. Calibration bar is 20 tJm. (b) Pars distaiis cyst in a section stained 
with anti-r-PRL showing PRL immunoreactivity of its content and of the lining cells. These lining cells 
are not provided with cilia. Calibration bar is 50 larn. 
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Fig. 8. Hemorrhagic microadenoma in the pars distaffs of a 20-month-old male Wistar rat. Note that all 
adenomatous cells areanti-r-PRL positive. Asterisk -- blood lacune. Calibration bar represents 360 and 
50 ~an, respectively. 
fined to the secretory granules of the PRL cells. On the basis of the shape of the 
granules, 2types of anti-r-PRL positive cells could be distinguished: cells with poly- 
morphic granules and cells with round granules (Figs. 9a,b). A difference in staining 
intensity between both cell types was observed: in general, the labeling intensity of 
polymorphic granules was greater than the labeling intensity of round granules. 
Qualitatively, the occurrence of each of these cell types seemed to vary with age 
(Table V). The cells with polymorphic granules were especially found in young (3-- 
5-month-old) rats. In 10-month-old rats this cell type was less frequent, whereas 
Fig. 9. Micrograph$ of anti-r-PRL positive cells. PRL cell with polymorphic granules (a) and round gran- 
ules (b). Note the gold particles, confined almost exclusively to the secretory granules. 
TABLE V 
PRL CELL TYPES AND PLASMA PRL LEVELS AT DIFFERENT AGES 
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Age in PRL cells with PRL cells with Plasma PRL 
months polymorphic round granules (ng /ml) 
granules 
3 + + + + 12.4 ± 2.6 
5 +++ + 9.1-* - I . i  
10 + + + + 7.5 ± 1.5 
14 + + + + 5.1 ± 0.9 
17 + + + + 15.0 ± 2.9 
20 + + + + 18.3 ± 5.2 
23 -- + + + + 8.9 ± 2.0 
26 + + + + 9.1 ± 2.4 
29 + + + + 6.3 ± 0.9 
31 + + + + 18.6 ± 5.6 
33 + + + + 11 .9± 1.2 
35 + + + + 13.6 ± 2.1 
- ,  +,  + +,  + + + : relative abundancy of the particular cell type. Plasma PRL levels are given as 
mean value ± S.E.M. 
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Fig. 10. Mean plasma PRL levels of 12 groups of male rats (10 rats/group) of increasing age. For multiple 
comparison of groups s¢¢ Table VI. 
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from the age of 14 months till the age of 31 months this cell type was hardly found. 
In the pituitaries of 31-, 33-, and 35-month-old rats again PRL cells with poly- 
morphic granules were observed. These cells were also encountered in the PRL-pos- 
itive adenomas found in the older rats. On the other hand, PRL cells with round 
granules were hardly found in young rats, whereas their number increased with age. 
During further aging, the diameter of the round granules decreased. In all of the 20- 
month-old rats except one, most cells contained round granules, and in the excep- 
tion many cells with polymorphic granules were observed. The pars distalis cells of 
this gland contained an extremely high number of lysosomes and lipid droplets. In 
this animal the PRL-cell-volume density was extremely low (7.6~70 compared to a 
mean value of 33.8¢/0). In the other rats of 20 months old, sometimes large areas of 
cells with labeled small round granules were observed. In 23-month-old animals, 
multiple exocytosis and multivesicular bodies were present. In 26-month-old rats the 
majority of the PRL-cell population consisted of cells with small round granules, 
and lipid droplets and lysosomes were more frequent. In 29-month-old rats it was 
difficult to find the PRL cells. In 31-, 33- and 35-month-old rats the occurrence of 
PRL cells with round granules was slightly decreased in favor of cells with 
polymorphic granules. 
P lasma prolact in.  The lowest mean plasma PRL level (5.1 ± 0.9; Table V) was 
found in the group of 14-month-old rats. The highest mean plasma PRL levels were 
found in the groups of 20- and 31°month-old rats, 18.3 ± 5.2 and 18.6 _+ 5.6, 
respectively. In the rats of the other age-groups intermediate values were found. 
Mean plasma PRL levels were plotted against age in Fig. 10. A slightly positive cor- 
relation was found between age and plasma PRL (P = 0.04; r = 0.163). No correla- 
TABLE VI 
MULTIPLE COMPARISON OF PLASMA PRL LEVELS OF 12 AGE-GROUPS 
Agein 3 5 10 14 17 20 23 26 29 31 33 
months 
as 
10 ns ns 
14 * * ns 
17 ns n*  * *** 
20 ns n* * *** 
23 ns ns ns ns 
26 ns as ns ns 
29 * ns ns ns 
31 ns ns * *** 
33 ns ns * ** 
35 ns ns * *** 
n,  
* ns  
* nS ns 
**  **  ns  
n*  n ,  * 
ns  ns  n ,  
ns  n ,  * 
n,  
ns ns **  
* **  ns ns  
*P< 0.05, **P< 0.01, ***P< 0.001; ns: no significant difference. See also Table V and Fig. I0. 
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TABLE VII 
AGE-RELATED DISTRIBUTION OF RATS WITH DISORDERS REMOVED FROM THE AGING 
COHORT OF MALE WISTAR RATS 
Age in No. Percentage 
months 
20 14 6.1 
23 18 7.9 
26 79 31.6 
29 66 28.9 
31 28 12.3 
33 16 7.0 
35 7 3.1 
Percentages/age-group are expressed/total number of  228 rats. 
tion was found between plasma PRL and body weight or total PRL-cell volume. The 
Kruskal-WaUis test showed differences between the plasma PRL levels of all age- 
groups. The results of the subsequent multiple comparison of groups are shown in 
Table VI. 
Subpopulation 2 
Animals. From the age of 20 months on, subcutaneous tumors andother disor- 
ders (such as cataract, paralysis, disorders of the lung, thymus, prostate, testis, liver, 
kidney, adrenal and bladder) were present and mortality was increased. Such rats 
were killed when found moribund. They varied in age from 20 to 36 months. The 
majority of rats with disorders was collected between the age of 25 and 30 months 
(Table VII). 
TABLE VII! 
COMPARISON BETWEEN BODY WEIGHTS OF HEALTHY RATS (SUBPOPULATION 1) AND 
RATS WITH DISORDERS (SUBPOPULATION 2) REMOVED FROM THE SAME AGING 
COHORT OF MALE WISTAR RATS 
Age in Subpopulation 1 Subpopulation 2 
months (Mean body wt (Mean body wt 
ing ± S.E.M.) in g ± S.E.M.) 
20 539.7 ± 5.9 493.6 ± 2.5 
23 579.2 ± 22.1 509.6 ± 31.9 
26 417.2 ± 9.8 421.0 ± 11.8 
29 449.6 ± 9.3 317.6 ± 11.8 
31 410.0 ± 6.2 375.4 ± 3.0 
33 379.3 ± 12.7 319.3 ± 11.6 
35 354.3 ± 18.3 440.2 ± 9.8 
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Body weight. With exception of the mean body weight of the oldest rats and of 
the 26-month-old rats, mean body weights of the rats of subpopulation 2 were lower 
than those of the rats of subpopulation 1 (Table VIII). 
Prolactin cells. Pituitary sections were stained with anti-r-PRL. The PRL-cell 
population showed a similar great variability in distribution as in the groups of 
healthy rats. In most pituitaries the PRL cells showed an irregular distribution over 
the pars distalis, and PRL-positive as well as PRL-negative foci of hyperplasia were 
found. The presence of pars distalis cysts varied from 14 to 33% and was similar to 
the percentages found in the pituitaries of the healthy rats. In most cases adenomas 
were recognized macroscopically b the increased size of the pituitary gland and, in 
a few cases, microscopically by the structural signs of compression shown by the 
surrounding tissue [22]. Most of the adenomas showed a positive staining with anti- 
r-PRL and hemorrhagic features. 
Plasma prolactin. Plasma PRL levels of rats without and with pituitary tumors 
ranged from 2 to 4100 ng/mi and an age-related increase in plasma PRL levels was 
found. The highest PRL levels were found in rats with pituitary tumors and since the 
tumor incidence increased with age this explains most of the age-related increase. 
Plotting plasma PRL levels against body weights revealed an inverse relation (data 
not shown). The highest plasma PRL levels were found in rats with pituitary tumors 
and a body weight between 235 g and 400 g. Plasma PRL levels of rats without pitui- 
tary tumors were similar to the plasma PRL levels found in rats from subpopula- 
tion 1. 
DISCUSSION 
Body weight and pars distalis volume 
The mean body weight of the male Wistar rats appeared to increase from young 
TABLE 1X 
THE PERCENTAGE OF ADENOHYPOPHYSEAL CYSTS IN RATS WITH DISORDERS OF 
INCREASING AGE 
Age in % Cysts in the % Cysts in the 
months pars distalis pars intermedia 
20 6 - -  
23 33 - -  
26 23 1 
29 33 15 
31 14 - -  
33 14 - -  
35 28 28 
Percentages are calculated/total number of animals per age-group. 
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age until the age of 17 months. From the age of 23 months on, the mean body weight 
gradually decreased. The lower body weights of the disordered rats were probably 
caused by the presence of diseases. The higher body weights in the oldest disordered 
rats may be related to the presence of subcutaneous tumors. For male F344 rats a 
similar increase in body weight, until 77 weeks ( = 17 months), and a decrease after 
the age of 97 weeks (23 months) has been described [23]. The peak body weight in 
these male F344 rats was 468 g, whereas the peak body weight we found for the male 
Wistar rats was 707 g. The peak body weights in our study as well as in the study of 
Solleveld [23] were found before the 50070 survival age was reached. In the work of 
Burek [7] the highest mean body weights of male BN/BiRij, WAG/Rij and (WAG 
x BN)F t rats were l ss than 500 g and were given only until the 50°70 survival age. 
Thus, for these strains a possible decline in body weight after the 50070 survival age 
has not yet been observed. 
The pars distalis volume also increased in the first half of the life span. This was 
followed by a decrease in the second half. The pars distalis volume/100 g body 
weight, however, decreased from the age of 5 months till 26 months. From these 
results it may be concluded that: (1) the increase in body weight precedes the increase 
of pars distalis volume in the first half of the life span; and (2) the decrease in body 
weight precedes the decrease in pars distalis volume in the second half of the life 
span. Instead of the pars distalis volume, the anterior pituitary weight of rats of 
increasing age (10--600 days) has been measured by Bowman [24]. This author 
found that the ratio of anterior pituitary weight o body weight exhibited a decrease 
with age. Takahashi and Kawashima [25] found an increase of pituitary weight in 
the male Wistar/Tw rat from 5.0 mg at he age of 3 months to 8.4 mg at he age of 
18 months, whereas the mean life span of these rats was 17 months. Unfortunately, 
older rats were not involved in this study. In the same study, the pituitary weight was 
given per 100 g body weight and this value was significantly decreased in 18-month- 
old rats as compared to 3-month-old rats. Our data on the pars distalis volume/lO0 
g body weight showed a similar age-related decrease. 
Prolactin-cell volumes during aging 
In the pituitary of the young male Wistar rat immunoreactive PRL cells were 
found scattered throughout the pars distalis. They occupied approximately 23070 of 
the pars distalis volume. With classical histochemical staining procedures only a 
subpopulation of the PRL cells was identified by their affinity to acid dyes [26] and 
until the use of immunocytochemical st ining procedures, it was thought hat the 
percentage of PRL cells in the male rat was lower than in the female rat. However, 
immunocytochemical st ining of the PRL cells in 2--6-month-old male and female 
rats of the Long-Evans, the Sprague--Dawley and the Fisher 344 strain showed 
that the distribution and relative numbers of the PRL cells were similar for both 
sexes [27]. The homogeneous distribution of the PRL cells in our young Wistar rats 
is consistent with the results of Vodian [28], who found with biochemical methods, a 
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homogeneous distribution of PRL, and an identical PRL secretory capacity in dif- 
ferent regions of rat anterior pituitaries. However, for the female rat Cronin et al. 
[29] found higher PRL cell volume percentages in the lateral parts of the pars distalis 
than in the central parts. The volume density, the total volume of PRL cells and the 
PRL-cell distribution changed uring aging in male Wistar rats. As far as we know, 
PRL cells in rats have been studied by others until the age of 32 months. Cell num- 
bers were counted instead of volume densities and contradictory esults have been 
obtained. Ruitenberg et al. [30] observed a relative number of 15070 in male Wistar 
rats, that ranged in age from 6 to 12 months. This percentage was decreased to 5070 
in 24-month-old rats. In their study classical histological staining techniques were 
used instead of immunocytochemical st ining techniques. Takahashi and Kawash- 
ima [25] used immunocytochemicaily stained sections of pituitary glands but did not 
find any significant change in shape and percentage of the PRL cells in male Wistar/ 
Tw rats until 20 months of age. Similar to our study, Phelps [27] found, that the 
relative PRL-cell population in 20--32-month-old male Fisher 344 rats amounted to 
38.8070 and was significantly larger than in 2--6-month-old rats. In male Long- 
Evans rats a progressive increase in number of PRL cells was consistently observed 
with increasing age by Lee et ai. [31]. In our male Wistar rats, however, the increase 
of the volume of PRL cells was followed by a decrease after the 50070 survival age 
was reached. No significant correlation between total PRL-cell volume and age was 
found. Between PRL cell volume and pars distaiis volume as well as between PRL 
cell volume and body weight a highly significant correlation was found. 
Contradictory results have also been reported regarding age-related changes of 
the PRL cells in the human pituitary. Sun et ai. [32] did not find any significant 
decline in number of PRL cells with age (16--90 years). Kovacs et al. [33] studied 
pituitary glands obtained at autopsy from 20 male and 20 female subjects, over 80 
years of age and concluded that PRL cells do not regress in old age. On the other 
hand, Baker and Yu [34] studied pituitaries obtained at autopsy of 6 females ranging 
in age from 26 to 72 years and 26 males with ages ranging from 6 weeks to 89 years 
and found that PRL cells regressed with advancing age as manifested by a reduction 
in size and relative number. Similar to our study on the pituitary of the rat, two 
types of PRL cells were distinguished. Moreover, it was stated by these authors that 
immunohistologlcal procedures were required for the staining of the PRL cells 
because itwas not possible to stain PRL cells consistently with the Brookes' stain. 
Pars dismlis cysts and adenomas 
Pars distalis cysts were found during aging in the rats of subpopulations 1 and 2. 
The presence of cysts was lightly increased in some age-groups of subpopulation 2. 
A maximum of 33°70 was found in subpopulation 2 compared to a maximum of 25°70 
in subpopulation 1. 
Mullink [35] studied pars distalis cysts in male rats of the Wistar Cbp:WU 
strain with severe clinical signs of disease, that were killed or died before the 20070 
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survival imit. The percentage he found was less than that in our study and varied 
from 15 to 22o70, depending on the diet of the animals. With increasing incidence of 
hyperplasia n the anterior pituitary, cysts with ciliated epithelial lining and a nega- 
tive reaction with the anti-r-PRL staining were substituted by cysts that were lined 
by adenohypophyseal cells and with contents that were stained positively with anti-r- 
PRL. Cysts can be single or multiple, unilocular or multilocular and their contents 
can be stainable or appear "empty". They can vary from tiny foUicles to huge blad- 
ders and often possess an epithelial lining, which can consist of single layered or 
partly multilayered, often flattened, sometimes cuboidal or columnar mucus-secret- 
ing and ciliated cells [for review see ref. 36]. The pars distalis cysts that were 
observed in young male Wistar rats conformed to this description. In the older rats, 
the ciliated epithelial lining was substituted by a non-ciliated lining and the content 
stained positively forprolactin. 
Ultrastructure of  the prolactin cells 
An age-related change in ultrastructural characteristics was observed in the PRL 
cells. In young male rats (3 and 5 months old) most PRL cells contained poly- 
morphic granules, whereas in older male rats, despite the light-microscopic observed 
increase in PRL-cell volume, the percentage of PRL cells with polymorphic granules 
decreased. Until the age of 35 months most PRL cells contained round granules, 
whereas cells with polymorphic granules were found in rats with PRL-cell hyperpla- 
sia or adenomas. Since in former studies of the PRL cells no immunocytochemical 
staining was used, only cells with polymorphic granules have been identified as pro- 
lactin cells [37,38]. Poole and Kornegay III [39] used the criteria that in female rats 
the PRL cells were easy to identify because of the large dimensions of the secretory 
granules (550---900 nm in maximal diameter) and their polymorphic shape to calcu- 
late the numerical density of the PRL cells. On the basis of similar morphological 
features of the granules, Moriarty [40] found 20o70 PRL cells in the female and 10070 
in the male rat. The possibility exists that in all these studies, but especially in studies 
of the numerical density or ultrastructural changes of PRL cells in male rats, pan of 
the PRL cells (i.e. PRL cells with round granules) escaped attention. Since 1980 it is 
known from the work of Nogami and Yoshimura [41,42], who used an indirect 
immunocytochemical method, that at least 3 PRL-cell types exist in the male pitui- 
tary. Smets et ai. [43], who used a direct immunogold labeling (similar as in our 
study), recently reported the presence of 2 types of PRL ceils in adult rat pituitaries. 
PRL cells containing polymorphous granules measuring about 500 nm were preva- 
lent in female pituitaries, whereas PRL cells with spherical granules of about 200 nm 
were prevalent in male pituitaries. These authors observed that the PRL cells, in 
female rats, with small granules were labeled to a lesser extent han the PRL ceils 
with large granules. This phenomenon was aiso observed in the male rats of our 
study. The different PRL-cell types might reflect different stages of a secretory 
cycle, as has been concluded by Nogami [44] on the basis of observations on PRL 
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cells after treatment with testosterone and oestradiol. An age-related ifference in 
the occurrence of both cell types was observed in our study. During aging PRL cells 
with polymorphic granules were substituted by PRL cells with round granules. The 
fact that in PRL-cell hyperplasia nd adenoma, PRL cells with polymorphic gran- 
ules were found supports the opinion of Nogami [44] that cells with polymorphic 
granules are actively engaged in the release of PRL. 
Plasma PRL 
No consistent increase in plasma PRL levels in rats without pituitary tumors 
could be established. However, in some age-groups plasma PRL levels were signifi- 
cantly increased, and this increase may possibly mean that an increase in plasma 
PRL level precedes the development of a pituitary tumor. In the literature contradic- 
tory results have been described. Both, increased [8,12] and unchanged plasma PRL 
levels [13] have been found during aging. However, all these results are based on 
plasma PRL levels of only a few age-groups and systematic histological examination 
is lacking. 
It may be concluded that there is no increase in plasma PRL levels during aging in 
the male rat. This conclusion is based on the results from our systematic study of 
twelve "healthy" age-groups and of the rats that were killed when found moribund 
with "normal"  pituitaries. In cases where increased plasma PRL levels were found, 
PRL cell hyperplasia was thought o be responsible. Most pituitary tumors were posi- 
tive for anti-r-PRL and their presence was associated with increased plasma PRL 
levels. Sometimes extremely high values were found. It could be argued that the 
increased pituitary tumor incidence during aging is a common phenomenon and thus 
that pituitary tumors may not be excluded from an age-related study of the PRL 
cells in the pituitary and from studies of plasma PRL levels. However, the fact that 
this incidence is depending on the sex and strain [7] does not justify this statement. 
Also in studies of human pituitaries differences in tumor incidences have been 
found. The incidence was reported to vary from 8 to I 1 070 [45]. Histological exami- 
nation of pituitaries removed at autopsy resulted in an incidence of microadenomas 
of 11070 [46]. Recently Miyai eta/. [47] studied 8450 men and 2100 women. Hyper- 
prolactinemia was found in only 0.17070 of the men and in 1.2°70 of the women. The 
incidence of prolactinoma was estimated to 0.036070 in men and 0.095 070 in women. 
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